The stability of natural rubber latex systems is closely associated with those surface-active materials which exist in the living plant cell. Several workers (Kemp and Twiss (1936) , Moyer (1937), and Seifriz (1945) ) have demonstrated that the most active of these substances are proteins, and that it is the ampholytic nature of the protein molecule which is primarily responsible for the behavior of most naturally occurring latex systems. Quantitative studies of such systems previously reported in the literature were necessarily complicated by the presence of various surface-active substances other than protein in the latex suspension; e.g., lipides, sterols, etc.
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days against tap water and for 3 days against distilled water. Dialysis was discontinued when the water showed no test for sulfate ion upon the addition of barium chloride solution. The dialyzed solution was then frozen and the water removed by vacuum sublimation.
Ovalbumin concentrations were determined by a standard method which is based upon the turbidity developed in an albumin solution when sulfosalicylic acid is added. Exton (1925) has developed this procedure to a high degree of precision and has maintained an accuracy of 2 per cent over the concentration range which could be covered by most photoelectric colorimeters. The instrument used in this study was an A. C. model equipped with a filter for transmitting light of 525 m~ in wave length. A standard curve which represented a plot of transmittancy vs. ovalbumin concentration was prepared and found experimentally to be independent of ionic strength for values from 0.01 to 0.03 and independent of pH at certain values ranging from 3 to 7.
Albumin Adsorbed on: the Latex.--In these adsorption studies it was impossible to separate the dissolved protein from the latex particles with their adsorbed protein by any available mechanical means. The amount of albumin adsorbed on a given amount of latex was determined by taking advantage of the fact that both the coagulated protein and the latex particles impart a turbidity to their suspensions. The quantity of albumin adsorbed to the latex particles was determined turbidimetrically (without separation of the albumin solution from the latex particles) by the following procedure.
Fifty ml. solutions of the desired pH, ionic strength, and albumin concentrations were prepared. To each of the solutions, in 125 ml. flasks, was added 0.5 ml. of the desired latex suspension which had been prepared by dilution of the stock latex with distilled water. The contents of the flasks were then carefully mixed and allowed to stand for 2 hours. After this period of time, 5 ml. of each suspension in turn was pipetted into a 25 ml. volumetric flask and made up to volume with distilled water. This volume of suspension was poured into an adsorption cell and its transmittancy determined by means of the photoelectric colorimeter. The turbidity thus measured was that due to the latex alone, no coagulant having been added to the protein-latex suspension. A second 5 ml. portion of each solution was then pipetted into a 25 ml. volumetric flask and an excess (5 ml.) of sulfosalicylic acid coagulant added. After this suspension had stood exactly 5 minutes, 15 ml. of distilled water was added and the transmittancy determined. In both cases the suspensions were compared with an equal volume of distilled water in a matched absorption cell.
For each dilution these two transmittancy values along with the original albumin concentration of the solution being measured constituted the data needed for determining the amount of albumin adsorbed on the latex. Both transmittancy values were converted to the corresponding equivalents of albumin by reading from the standard curve. Since the second transmission reading described above represented turbidity caused by latex a n d coagulated unadsorbed albumin, the adsorbed albumin could be calculated from an equa- If the calculations given above are valid, the following restrictions must apply to the system: (a) Dilution of latex-albumin suspensions did not cause desorption of protein, or if desorption did result upon dilution it occurred so slowly that the amount desorbed in the time required to obtain the colorimeter reading on suspensions of latex (about 1 minute) was negligible.
(b) There was no desorption or further adsorption of albumin on latex caused by the addition of the protein coagulant. Further adsorption was unlikely, but it was considered that quite possibly the adsorbed protein might be caused to desorb by the sulfosalicylic acid.
(c) The transmittancy of latex with coagulated albumin on its surface was the same as that of latex with uncoagulated albumin on its surface, and neither the number nor effective size of the latex particles was altered.
(d) The presence of sulfosalicylic acid did not affect the transmittancy of latex in the absence of albumin.
The validity of postulates (a) and (d) was demonstrated experimentally. The transmittancies of the latex-uncoagulated protein suspensions and of the latex-coagulated protein suspensions were determined immediately upon dilution to the 25 ml. volume and then every 5 minutes for a period of 30 minutes following dilution. In no instance did the transmittancy change from the first reading obtained. The presence of the sulfosalicylic acid coagulant did not alter the transmittancy of the latex in the absence of albumin. The behavior of the system with regard to (b) and (c) above could not be proved by specific experimentation. The data therefore are not conclusive but are believed to be correct by the authors. The data are reproducible and result in reasonable adsorption isotherms, however, measurements with the ultracentrifuge (unavailable in this laboratory) should give the desired check on the validity of this work. The conclusions of the authors in this regard seem to be supported by Loeb (1919-20) who, as evidenced by his experimental procedure, believed that there was no desorption of proteins from the surface of collodion particles either on dilution with water or the addition of salt. He demonstrated that when collodion membranes were immersed in solutions of gelatin, egg albumin, etc., there was formed a film which could not be washed away even if the membrane was rinsed as many as 20 times with warm water.
All latex-albumin suspensions were of ionic strength 0.02. The desired pH of the particular buffer to be employed was calculated in advance and checked
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for its final value with a Beckman pH meter. Buffers from p H 3 to 5 were acetate and those for pH 6 and 7 were phosphate.
As an example of a characteristic set of calculations, Table I gives the data obtained when working with a latex concentration of 0.162 gm. per 100 ml. and at a pH of 6.98. The values tabulated in columns A, B, and D were determined experimentally for each series. The values in columns C and E were read directly from the standard curve for the determination of ovalbumin by the turbidimetric method. The quantities in columns F and G were calculated from the other data shown and by the method presented above. 3.6 5.9 9.1 11.6 12.0 14.5 18.8 Fig. 1 shows the amount of albumin adsorbed on different quantities of latex at pH 6.98. These curves indicate that the procedure employed for calculating the amount of protein adsorbed yielded consistent and reasonable results in terms of the protein concentration and the relative space available for adsorption.
Adsorption isotherms were determined at pH values of 3. 01, 3.94, 4.60, 5.01, 6 .08, and 6.98 and were all similar to certain "S" shaped isothermals which have been reported for the adsorption of vapors on silica gel (Lambert and Clark (1929) ), titania gel (Higuti (1940) ), iron oxide gel (Rao (1940) ) and similar porous materials. Such isothermals have, in the past, been considered characteristic of multilayer adsorption. Fig. 2 presents the adsorption data which were obtained at the various p H values in a manner different from the usual adsorption isotherm. The " W " shape of these curves is of considerable interest. Over the pH range investigated and at all concentrations of albumin the weight of protein adsorbed per square meter of latex surface showed a maximum at pH 3.01, passed through a minimum with increasing pH until a sharp rise occurred in the neighborhood of the isoelectric point of the protein, and climbed upward again at pH 6.98. Other workers (Hitchcock (1925) , Dow (1936), and Lindan and Rhodius (1935) ) have shown that similar curves for ovalbumin on ground glass particles and collodion membranes also exhibit a maximum in the region of the isoelectric point of the protein. In one of the cases a second maximum was reported on the side of high pH.
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Electropkovetic Mobilities.--Electrophoretic mobilities of the latex particles under various experimental conditions were determined in an all glass microelectrophoresis cell as described by Abramson, Moyer, and Gorin (1942) . The procedures of Moyer (1936) were followed in detail. Conductivities of the suspensions were determined with the usual laboratory type bridge using Indeterminate 4.7 6.8 3.5 3.6 7.6 platinum electrodes with a platinum black surface. Specific conductivity measurements could be reproduced to within 0.01 X 10 -8 ohms -i cm. -1 with the apparatus employed. In certain instances the latex particles with their adsorbed protein possessed a zeta potential below that which was critical with regard to the stability of the system. There was, however, no noticeable settling of the suspensions in the time required for the determination of the electrophoretic mobilities and the transmittancy values. Settling did occur in these instances when the suspensions were left overnight. The work of Loeb (1922-:23) should be consulted in this regard. Fig. 3 shows the electrophoretic mobilities of the latex particles vs. the cube root of the ovalbumin concentration at the various pH values investigated. The most interesting point is that at which the mobilities become constant. This is shown in Fig. 4 in terms of the change in mobility of the latex particles due to adsorbed protein plotted against the logarithm of the milligrams of ovalbumin adsorbed at pH 6.98. This curve shows an abrupt changein slope at the point at which the surface charge density becomes con- Table II . Since these results varied from less than 1.8 to as much as 7.6 mg. of protein depending on the pH it would seem that the amount of available surface is not the only factor which determines the amount of protein in a so called monolayer and that a theory of active centers on the latexi surface at which adsorption may occur would give a more accurate picture. The number of active centers, which might be adsorbed -OH ions from the buffered medium, and consequently the amount of protein adsorbed to produce constant charge density would then vary with the pH of the suspension. It was determined that at pH 5.01, in the neighborhood of the isoelectric point, 3.5 rag. of ovalbumin was adsorbed to produce a constant charge density per square meter of the latex particle surface. This is the same value as calculated by Svedberg (1927) from consideration of the spatial requirements of the ovalbumin molecule. Other inv~tigators (Lindau and Rhodius (1935)) have reported 3.55 rag. of ovalb-min adsorbed per square meter s,urface of quartz particles. These investigators also reported that less than one-third of this amount was required at pH 3.0 which is in fairly close agreement with this work. It appears that ordy at the isoelectric point where those forces which tend to keep the system stable as a protein solution are at a minimum, the term "monolayer" may be used to describe coverage in terms of ~he spatial requirements of the surface. Mobilities of latex particles vs. pH at different concentrations of ovalbumin are shown in Fig. 5 . Curves siroilar to these have been obtained by other workers (Kemp and Twiss (1936) ) and were interpreted to indicate a shift in the equilibrium between dissolved and adsorbed protein in the direction of the latter as the pH is decreased. The authors of this paper have obtained evidence that for a given concentration of protein the amount adsorbed varies in a discontinuous way with the pH of the suspension; e.g., the " W " curves
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d Fig. 2 . Consequently it is maintained that such curves as those shown in Fig. 5 indicate that a given amount of protein, when adsorbed, does produce a change in the electrophoretic mobility of the adsorbate but that this change also depends on the pH of the suspension. As the pH varies, the important consideration is the change of charge on the protein molecule as compared to the corresponding change of charge on the latex particle.
From Fig. 6 m a y be obtained the isoelectric points of native ovalbumin, ovalbumin adsorbed on a synthetic latex, and surface-denatured ovalbumin, in a sodium acetate--acetic acid buffer at an ionic strength of 0.02. There is a shift in the isoelectric point of the adsorbed ovalbumin in the direction of the denatured protein but it is believed by the authors that this is not necessarily indicative of partial denaturation.
